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a  b  s  t  r  a  c  t
A  case  of  traumatic  posterolateral  C1-C2  dislocation  associated  with  odontoid  fracture  is  reported.  This  is a
rare case  of  traumatic  posterolateral  C1-C2  dislocation  associated  with  odontoid  fracture.  Its management
is  discussed.  A traumatic  dislocation  of  atlanto-axial  joint  associated  with  an  odontoid  fracture  remains
a  rare  injury.  No case  of posterior  dislocation  has  been  reported  so  far in  the literature  with  this  type of
management.  The  case  is of  a 25  year-old-man  with  a primary  atlanto-axial  posterolateral  dislocation
associated  with  a type  II displaced  odontoid  fracture  without  any  neurological  complication.  The  patient
underwent  gentle  traction  during  24 hours  with  a halo  frame.  An  incomplete  reduction  was  achieved.
Two  days  later,  a complete  reduction  was  obtained  thanks  to  a preoperative  manual  traction  maintainedervical traction
accaro
by  a Mayﬁeld  (R)  modiﬁed  skull  clamp.  Anterior  C1-C2  ﬁxation  was  performed  according  to  Vaccaro’s
technique.  The  patient  wore  a cervical  collar  and  underwent  physiotherapy  during  three  months.  To
our  best  knowledge,  this  case  represents  the  ﬁrst traumatic  atlanto-axial  dislocation  associated  with
an  odontoid  fracture  which  was  treated  through  retropaharyngeal  approach.  This  had  been rendered
possible  thanks  to the  ﬁnal  reduction  maneuver  in  extension.. Introduction
Traumatic dislocation of the atlanto-axial joint in combination
ith an odontoid fracture is a rare injury. As of today, if limited
ases of rotatory dislocations whether associated with odontoid
racture or not have been reported in the literature, [1–12] only
ne case of posterior dislocation associated with odontoid frac-
ure after high-energy trauma has been disclosed [13]. The present
eport documents a unique management of this kind of injury: a
osterolateral atlanto-axial dislocation associated with a type II
dontoid fracture treated through retropharyngeal approach. This
eport article aims at describing this lesion and its management.
. Case reportA 25 year-old-man was transferred from a regional emergency
epartment, having fallen down on the head from 2 meters. Initial
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examination conﬁrmed an isolated cervical spinal injury. Physical
examination revealed no abnormalities other than an upper cer-
vical pain. In particular, neurological examination was  completely
normal.
Cervical computed tomography (CT) scan with sagittal and coro-
nal reconstructions revealed a right posterolateral atlanto-axial
dislocation associated with a type II odontoid fracture slanted
downward and backward. The posterior dislocation came along
with a displacement of the odontoid. It was  9.6 mm behind the
posterior wall of C2 and 9.5 mm  downward (Figs. 1 and 2).
First of all, a halo ring was  applied to the patient under local
anesthetic. A continuous progressive cervical traction from 3 to 5 kg
was applied. The head of the bed was  elevated to provide counter-
traction and the patient’s neck was  maintained in neutral position.
Repeated neurological examinations were performed. Fluoroscopic
control images seemed to evidence partial reduction of the odon-
toid displacement 24 hours after traction instigation.
A CT-scan control was performed in order to ensure that the
reduction was sufﬁcient to allow a ﬁxation via anterior approach.
In order to perform the CT-scan it was necessary to interrupt the
traction and images showed exactly the same dislocation. This dis-
location was therefore unstable (Fig. 3).
Accordingly, we  decided to try reducing the dislocation, with
the patient awake, with gentle manipulation under ﬂuoroscopic
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Fig. 3. CT-scan control after traction. It showed the same dislocation, which was
therefore unstable.ted with a type II odontoid fracture.
uidance. A Mayﬁeld® modiﬁed skull clamp was used and the
eduction was achieved thanks to a gentle traction combined
ith an extension of the cervical spine (Fig. 4). The fact that the
echanism of reduction needed extension is probably due to the
ntegrity of the transverse ligament of the atlas.
Deﬁnitive surgical treatment was undertaken the following
ay under general anesthesia. The intubation was  realized under
ndoscopy. The reduction was completed pursuant to the same
aneuvers described here above and conﬁrmed by face and proﬁle
uoroscopy. We  performed C1-C2 ﬁxation as described by Vaccaro
14]. Via anterolateral approach, we realized an odontoid screw ﬁx-
tion. By the same approach, C1 was ﬁxed to C2 thanks to a bilateral
crew ﬁxation through lateral C1-C2 articulations.
The postoperative course was uneventful without any compli-
ation. After surgery, the patient was placed in a semi rigid cervical
ollar for 3 months. The postoperative radiographs and CT-scan
videnced that C1-C2 articular relationship was restored, the odon-
oid fracture was  reduced and the odontoid screw and the C1-C2
crews were in the correct position (Fig. 5).
Three months after the surgery, the cervical collar was pro-
ressively removed and physiotherapy was launched in order to
trengthen paravertebral muscles. A CT-scan was  performed to
nsure that fusion was achieved (Fig. 6). One year after, the patient
esumed all of his activities normally. Fig. 4. Preoperative X-ray under manual traction.
Fig. 2. Post-traumatic CT-scan. Right posterolateral atlanto-axial dislocation associated with a type II odontoid fracture.
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1Fig. 6. CT-scan cont
. Discussion
.1. Literature review
Traumatic dislocation of the atlanto-axial joint is rare in adults.
ens fractures are not unusual and represent 7% to 9% of traumatic
ervical spine fractures [15–17]. Literature reports 11 cases of trau-
atic posterior atlanto-axial dislocation without odontoid fracture
18]. Association between acute odontoïd fracture and C1-C2 dislo-
ation is documented in several case reports or short series. Three
ypes of dislocation are reported:
rotatory dislocations in 3 case reports [2,12,19];
lateral dislocations in 19 patients with ﬁxed atlanto-axial dislo-
cation associated with odontoid fracture [7,20];
vertical dislocations in 2 case reports [8,21].
Regarding posterior dislocations, Pedersen et al. report a case of
 77 year-old-patient with old fracture-dislocation of the atlanto-
xial complex with 20 mm  of posterior displacement [22]. The
atient was treated operatively with decompressive laminectomy
f C2 and posterior in situ spinal fusion from occiput to C4 with-
ut reduction of the atlanto-axial joint. Finally, literature report
nly two cases of acute fracture-dislocaton of atlanto-axial com-
lex with posterior displacement: Das-Gupta reported a case of a
5 year-old-patient treated with skull traction applied in ﬂexion
0◦ for 6 weeks and then with external ﬁxation [23] and Zhange year after surgery.
et al. published recently a ﬁrst case in a young man, also treated
with skull traction applied in ﬂexion 10◦ for 70 days and then tran-
soral atlanto-axial reduction plate surgery [13]. We  report a second
case secondary to high-energy trauma in a young man  treated with
another kind of management and a different mechanism of reduc-
tion.
3.2. Mechanism and classiﬁcation
The mechanism leading to posterior displacement of the odon-
toid process seems to be hyperextension [24,25]. This kind of injury
is rarely seen, because extension fracture-dislocation of the atlas
and odontoid process is an injury where the atlas together with the
odontoid process is displaced backwards, thus causing narrowing
of the spinal canal and compression of its contents by the displaced
odontoid process. Patients with major cord damage at this level
rarely survive [23]. In our particular case, the transverse ligament
of the atlas was undamaged. Therefore the trauma was responsible
for a posterior displacement of a unit including the odontoid and
the atlas towards the rest of the axis.
A couple of systems have been implemented as regards atlanto-
axial injuries classiﬁcations [26,27]: both systems described more
precisely rotatory subluxations and are based mainly on imaging
to assess the direction of atlantal displacement ant the pivotal axis.
The White et al. system distinguishes three patterns of rotatory
subluxations [27], whereas the Fielding and Hawkins system
classiﬁed the rotatory ﬁxations into four types depending on
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Table  1
Classiﬁcation systems for antlantoaxial luxation.
Odontoid Pivot Anterior displacement with one

























































[Fielding et al. Type 1 Type 2 (3–5 mm)  
White  et al. Type A Type C 
he magnitude and the direction of the displacement [26]. Both
ystems are well compared by Fuentes et al. [2]. With theses two
ystems it was impossible to classify strictly the reported patient.
evine and Edwards added a ﬁfth type at the Fielding system,
escribing a bilateral dislocation in the sagittal plane [28]. Con-
idering that this type does not refer to any rotatory participation
n the displacement, we think that the reported patient better
orresponds to this later type (Table 1).
.3. Management
There is no accepted treatment algorithm for atlanto-axial dislo-
ation. Concerning more particularly the atlanto-axial dislocation
ssociated with an odontoid fracture, authors reported different
anagements and several surgical techniques:
In rotatory dislocations, Spoors et al. reported a case with neu-
ological complication treated by the installation of vest once the
omplete reduction was achieved after a 3-day gentle traction [12].
he second case described by Fuentes et al. [2] is extremely instruc-
ive: initially, there was no dislocation and MRI  was unable to
etect indirect signs like lesions of C1-C2 capsule or alar ligament.
herefore the odontoid fracture was managed non-surgically. One
onth later a CT-scan showed a posterior displacement of the
dontoid and a subluxation of C1. They performed anterior ﬁx-
tion and reduction of the odontoid process but the rotational
islocation was not reduced and a second surgical procedure via
osterior approach was undertaken. This case report is the demon-
tration anterior approach could be used only on reduced lesions.
he atlanto-axial dislocation cannot be reduced anteriorly during
he surgical procedure. In lateral dislocations, authors reported
rocedures via posterior approach: a “modiﬁed plate and screw
ethod of lateral mass ﬁxation” for Goel and Laheri [29], Harms
echnique for Lenehan et al. [7].
On the two vertical dislocations reported, only one patient
urvived and authors realized a posterior occipitocervical fusion
occiput-C4) [8].
Finally, concerning the rare cases of acute posterior disloca-
ions associated with odontoid fracture, the treatments described
n the literature are also variables: external ﬁxation [23], transo-
al ﬁxation [13]. The interesting point is the technique of reduction
mployed: in both cases skull traction was applied in 10◦ of ﬂexion
or several days. Zhang et al. reported that despite this traction,
he fracture was not reduced after traction and they tended to
chieve reduction by maneuvers during the surgical procedure [13].
n the reported case, we  initially involved/applied traction with
 moderate ﬂexion and obtain a partial reduction. We  obtained
 complete reduction only with a traction combined with exten-
ion. The reduction maneuver is probably speciﬁc of this type of
racture-dislocation C1-C2 with posterior displacement. It is impor-
ant to notice the possibility of reduction in this kind of lesion.
hen reduction is achieved, it is possible to perform an anterior
xation without other reduction maneuvers during the surgery.
n this case the Vaccaro’s technique was used, combining anterior
crew ﬁxation of the odontoid and C1-C2 screw ﬁxation through an
nterior retropharyngeal approach [14]. Anterior approach can be
iscussed, but in this speciﬁc case it presented several advantages:
irst of all, the anterior approach is an atraumatic approach surgery
[
[Type 3 (>5 mm)  Type 4 Type 5 (Levine
et al.)
– Type B –
and the complication rate is low [30]. In the speciﬁc case of odon-
toid fracture associated with atlanto-axial dislocation, the anterior
transarticular screw ﬁxation necessitates the same approach as
the anterior direct odontoïd screw ﬁxation [31]. Principal incon-
venients of anterior approach include malpositionning of these
screws or screw pull out, speciﬁcally in osteoporotic bone or when
choosing a wrong entry point [31]. But the development of minimal
invasive procedures using navigation, the rate of these complica-
tions should considerably decrease.
4. Conclusion
The reported case is a rare case of posterior atlanto-axial dislo-
cation associated with fracture of the odontoid process. It is the ﬁrst
described case treated by C1-C2 screw ﬁxation through retropha-
ryngeal approach. This technique requires an anatomical reduction.
We reported an original maneuver of reduction for this kind of
lesion.
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